Background. Older patients (≥60 years) with acute myeloid leukemia (AML) face difficult decisions regarding treatment with "intensive" chemotherapy that carries significant toxicity for a small chance of a cure versus "nonintensive" chemotherapy to control the disease, but with fewer side effects. However, studies of how these patients understand the risks and benefits of such treatments are lacking. Methods. We conducted a longitudinal study of older patients newly diagnosed with AML assessing patients' (n = 100) and oncologists' (n = 11) perceptions of treatment-related mortality at enrollment and prognosis at 1 month. We examined concordance between patients' and oncologists' perceptions using Cohen's kappa (κ < 0.10 indicates little/ no concordance). Results. We enrolled patients within 72 hours of initiating intensive (n = 50) or nonintensive (n = 50) chemotherapy. Whereas 91% of patients reported that they were "somewhat" to "extremely likely" to die from treatment, oncologists
INTRODUCTION
Acute myeloid leukemia (AML) in adults over the age of 60 has a poor prognosis and is associated with a low chance for long-term disease-free survival [1, 2] . Oncologists lack consensus regarding the optimal initial treatment strategy for older patients with AML, especially those with comorbidities or poor performance status. Before the regulatory approval of several new agents for AML-related indications in 2017, treatment options included (a) intensive chemotherapy using a combination of cytarabine and an anthracycline ("7+3" regimen or equivalent), which requires a prolonged 4-6 week hospitalization [3, 4] ; (b) nonintensive therapy with low-dose cytarabine or the hypomethylating agents decitabine or azacitidine, which can be often given in the outpatient setting [3, 5, 6] ; (c) clinical trial enrollment [3] ; or (d) supportive care alone without any disease-modifying therapy [3] . In the academic settings, oncologists typically recommend intensive therapy, which has a higher risk of morbidity and mortality, with the hope of attaining a complete remission to allow for potentially curative allogeneic hematopoietic stem cell transplantation for the medically fit patients versus nonintensive therapy or supportive care for patients who are older or frail [1, 7] .
Consequently, older patients with AML are often confronted with challenging decisions that require them to understand the chance of cure or death with the different treatment strategies and balance these risks and benefits [7] . Data demonstrate that patients' perceptions of their prognosis impact their medical decision making. For example, among patients with advanced solid tumors, patients' understanding of the likelihood of cure is associated with their willingness to accept chemotherapy [8] [9] [10] , and those who overestimate their survival are more likely to prefer aggressive medical care at the end of life [11, 12] . Thus, a clear understanding of the likely outcome and risks of the various treatment strategies is essential for older patients with AML to make informed decisions about their cancer care. Unfortunately, studies are lacking regarding patients' perceptions of the risks and benefits of intensive versus nonintensive therapy [13, 14] . In one study, investigators assessed prognostic understanding in older patients with leukemias but included only small numbers of patients with AML [7] . Studies are needed to examine comprehensively how older patients with AML understand the potential risks and benefits of treatment and to explore differences in these perceptions among those receiving intensive versus nonintensive therapy.
Data are also lacking assessing the relationship between patients' prognostic awareness and their quality of life (QOL) and mood [15] . In a study of patients with advanced solid cancers, those who acknowledged the terminal nature of their illness reported lower QOL and worse anxiety symptoms compared with those with overly optimistic and inaccurate prognostic understanding [15] . Older patients with AML endure substantial distress as they confront their sudden, shocking, and life-threatening diagnosis [16] [17] [18] [19] [20] [21] . Therefore, the relationship between prognostic awareness, QOL, and mood in these individuals is critically important given their high physical and psychological symptom burden.
The goal of this study was to describe the perceptions of older patients with AML regarding their treatment decision making and the potential risks and benefits of treatment. We also examined patient-clinician concordance in their estimates of treatment risk and the likelihood of cure with intensive and nonintensive treatment. Finally, we explored associations between patients' perceptions of their likelihood of cure and their QOL and mood.
MATERIALS AND METHODS

Participants
We recruited 100 consecutive patients aged ≥60 years with a new diagnosis of AML, including 50 initiating intensive therapy and 50 initiating nonintensive therapy, and their oncology physicians (n = 11). Intensive therapy was defined as 7+3 or a similar intensive chemotherapy regimen requiring 4-6 weeks' hospitalization. Nonintensive therapy included hypomethylating agents, low-dose cytarabine, or other nonintensive chemotherapy treatments that do not require a prolonged hospitalization. Similar to other academic centers, oncologists at our institutions typically recommend intensive therapy for the medically fit patients and nonintensive therapy for those who are older or frail. Patients were required to be able to read questions in English or willing to complete questionnaires with the assistance of an interpreter. As the goal of this study was to examine treatment decision making pertaining to intensive and nonintensive chemotherapy, we excluded patients receiving only supportive care, including hydroxyurea. We also excluded patients with significant uncontrolled psychiatric disorders, or other comorbid diseases, which the oncologist believed inhibited their ability to complete the study procedures.
Study Design and Procedures
This prospective, longitudinal study of older patients with a new diagnosis of AML was approved by the Dana Farber Harvard Cancer Center Institutional Review Board. From July 1, 2014, to August 1, 2016, we screened the inpatient leukemia census and the outpatient leukemia clinic schedules at two institutions in Boston to identify potentially eligible patients with a new diagnosis of AML. The research assistant (RA) then informed the primary oncologist that we planned to approach the patient for study participation and inquired about any concerns regarding his or her participation. Once permission was obtained, the RA approached eligible patients for study participation within 72 hours of their initiating intensive or nonintensive therapy. The RA reviewed the consent form with patients in a private setting and obtained written informed consent. Patients were required to complete baseline self-report assessments within 72 hours of initiating therapy for AML.
Study Measures
Decision-Making Preferences and Perception of Treatment Risk and Prognosis
At baseline, we assessed patients' decision-making preferences and their perceptions of their treatment-related mortality using three items that have been previously validated and used in the literature [7, 22, 23] . Specifically, patients reported the role they prefer when making decisions about their leukemia treatment (i.e., "prefer to make decisions about treatment with little or no input from my oncologist," "prefer to make decisions after considering my oncologist's opinion," "prefer that my oncologist make the decision after considering my opinion," or "prefer that my oncologist make the decision with little or no input from
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Treatment Decision Making in AML me"). We also asked patients about the role they actually played when making the decision about treatment for their AML using similar response categories. We asked patients to report all the treatment options that were offered to them, including "intensive chemotherapy requiring 4-6-week hospital stay," "less intensive chemotherapy," "clinical trial," "blood transfusions and focusing on managing symptoms alone," and "not sure." We also asked patients to report the likelihood that a patient would die during treatment for leukemia as a result of their treatment, using a 7-point scale (ranging from "extremely likely," >90%, to "almost no chance," less than 10%). We categorized their responses into three categories: (a) very unlikely or almost no chance, <10%; (b) unlikely, somewhat, or moderately likely, 10-74%; and (c) very or extremely likely, >75% chance.
We used the Prognosis and Treatment Perception Questionnaire (PTPQ) to assess participants' preferences for information about their treatment and their understanding of likelihood of cure [15, 24] . We developed the PTPQ using items from a number of different measures and conducted cognitive interviews with patients to ensure its content validity, readability, and acceptability [15, 22, 25] . As the prognosis of patients with AML is dependent on molecular and cytogenetic factors that are not available at the time of diagnosis, we asked patients to complete the PTPQ at 1 month after enrollment. Specifically, patients rated the importance of knowing about their prognosis on a 5-point scale (ranging from "extremely important" to "not at all important"). Additionally, patients reported the frequency of having a conversation with their oncologist about prognosis on a 5-point scale (ranging from "never" to "very often"). We categorized patient's responses into three categories: (a) never or rarely, (b) sometimes, and (c) very often or often. Finally, patients rated the likelihood that they would be cured of their leukemia on a 7-point scale (ranging from "very unlikely, <10%," to "extremely likely, >90%"). We grouped responses into three categories: (a) extremely or very likely to be cured, 75%-100%; (b) moderately, somewhat, or unlikely to be 
QOL and Mood
We assessed patient-reported QOL and mood at baseline and 1 month after enrollment. We used the Functional Assessment of Cancer Therapy-Leukemia (FACT-Leuk) questionnaire to assess patients' QOL [26] . The FACT-Leuk consists of five subscales assessing physical, functional, emotional, and social well-being, as well as leukemiaspecific concerns, during the past week. Higher scores indicate better QOL. We measured patients' anxiety and depression symptoms with the 14-item Hospital Anxiety and Depression Scale (HADS). The HADS consists of two subscales assessing anxiety and depression symptoms in the past week, with subscale scores ranging from 0 (no distress) to 21 (maximum distress) [27] .
Demographic and Clinical Factors
Patients completed a demographic questionnaire that included age, gender, race, ethnicity, marital status, income, and educational level. We reviewed the electronic health records to obtain data on AML diagnosis and cytogenetic and molecular profile. We used the European LeukemiaNet risk stratification to classify disease risk [4, 28] .
Oncologists' Perceptions of Treatment Options, Treatment Risk, and Likelihood of Cure
At the time of patient enrollment, we asked patients' oncologists to complete the same items that patients completed regarding the treatment options they discussed with the patient and their assessment of the patients' risk of treatment-related mortality. At 1 month after enrollment, oncologists also completed the PTPQ item inquiring about the likelihood of cure for each patient.
Statistical Analysis
We performed statistical analyses using STATA (version 9.3; StataCorp LLC, College Station, TX). We first calculated descriptive statistics, including means or medians for continuous variables, depending on the normality of the data, and proportions for categorical variables. To examine patients' understanding of the risks and benefits of treatment, we reported responses (frequencies) to PTPQ items as well as decision-making preferences and treatment risk items. When examining patients' and oncologists' perceptions, we included dyads in which we had information from both participants. We assessed concordance between patients' and oncologists' responses using Cohen's kappa. A kappa <0.10 indicates very little or no concordance between patients' and oncologists' responses, whereas a kappa of 0.8-1 indicates almost perfect concordance [29] . We categorized patients as having an accurate perception of their likelihood of cure if their response matched their oncologist's response on the 3-point categorical response scale: (a) extremely or very likely to be cured, 75%-100%; (b) moderately, somewhat, or unlikely to be cured, 10%-74%); and (c) very unlikely to no chance of cure, <10%). We explored associations between patient' perception of their likelihood of cure and QOL and mood at 1 month after enrollment using linear regression models. Given the descriptive objectives of this manuscript, a sample size of a 100 was deemed adequate to provide a representative sample of older patients' perceptions of their AML treatment decision making and likelihood of cure. 
RESULTS
Participant Characteristics
We screened 379 patients with AML and identified 133 eligible patients for study participation (Fig. 1 ). We enrolled 75% (100/133) of potentially eligible patients receiving intensive therapy (n = 50) or nonintensive therapy (n = 50). All patients completed baseline assessments, and 82% (82/100) completed the assessment at 1 month after enrollment. The most common reason for missing data at 1 month was death (n = 12) or feeling too ill (n = 5). Table 1 depicts patients' baseline characteristics. Enrolled patients were mostly white (92%) with a median age of 71 years (range, 60-100), and 38% were female.
Decision-Making Preferences
Of 100 patients, 60 stated that they prefer to make their own treatment decisions after considering their oncologist's opinion, whereas 40 reported that they preferred the oncologist to make treatment decisions after considering their opinion. Notably, 28% of patients (28/99) reported discordance between their preferred role in making treatment decisions and the role they actually played in making the decision about their AML treatment. When asked about the treatment options that their oncologist discussed with them, 68% (68/100) of patients recalled discussing intensive chemotherapy, 49% recalled discussing nonintensive chemotherapy, and only 21% recalled discussing supportive care alone. Oncologists reported that they discussed intensive chemotherapy, nonintensive chemotherapy, and supportive care alone with 73%, 69%, and 59% of patients, respectively.
Perceptions of Treatment Risks and Benefits
Patients overestimated the risk of treatment-related mortality compared with their oncologists (Fig. 2) . Most patients (91%, 84/92) reported that they were somewhat or extremely likely to die because of the treatment, whereas their oncologists reported the same risk of death for only 12% (11/92) of patients (κ = −0.09, SE = 0.03).
Thirty-one percent (25/82) of patients reported that they never or rarely had conversations with their oncologists about their prognosis, 35% (29/82) reported having some conversations, and 34% (28/82) reported having frequent conversations. Although 95% of patients (77/81) reported it was very important to know their prognosis, we observed substantial discordance in prognostic understanding between patients and their oncologists. Whereas 90% of patients (72/80) reported that they were somewhat or very likely to be cured of their leukemia, their oncologists reported the same chance of cure for only 31% (25/80) (κ = 0.05, SE = 0.04; Fig. 3 ). Patients had significant misperceptions about their prognosis regardless of their treatment. Among patients receiving intensive chemotherapy, 98% (40/41) reported that they were very likely or somewhat likely to be cured, whereas oncologists reported the same chance of cure in only 49% (20/41) of patients (κ = 0.04, SE = 0.05; Fig. 4A ]. Among patients receiving nonintensive chemotherapy, 82% (32/39) reported that they were very likely or somewhat likely to be cured, whereas oncologists reported the same chance of cure in only 13% (5/39) of patients (κ = 0.03, SE = 0.05; Fig. 4B ).
Association of Prognostic Awareness with QOL and Mood
The mean FACT-Leuk score for study participants at 1 month from study enrollment was 120.3 (SD = 24.3). The mean HADS depression and anxiety subscale scores at 1 month from study enrollment were 6.93 (SD = 4.68) and (Table 2) . Anxiety symptoms did not differ based on patients' estimate of their likely cure.
DISCUSSION
In this prospective study, we comprehensively examined the perceptions of older patients with AML regarding treatment decision-making and the risks and benefits of treatment. Although over half of patients preferred to make their own treatment decisions after considering the oncologist's opinion, a substantial minority preferred to have their oncologists make the decision. Notably, over one quarter of patients indicated that the role they played in choosing their initial leukemia therapy was not aligned with their preferred role in treatment decision making. Moreover, most patients significantly overestimated the risk of treatment-related mortality compared with their oncologists' estimates. Despite endorsing the importance of knowing about their prognosis, most patients reported an overly optimistic assessment of the likelihood of cure compared with their oncologists. These data underscore the critical gaps in communication about prognosis, goals of therapy, and treatment risk in this population as well as the need for interventions to improve patient-clinician communication.
Although in many prior studies, investigators have reported prognostic misperceptions in patients with advanced solid tumors [30, 31] , the degree of prognostic misperceptions we observed in older patients with AML is especially striking. Most patients overestimated their likelihood of cure compared with their oncologists. These misperceptions were most pronounced among patients receiving nonintensive therapy, with 82% reporting that they were likely to be cured of their illness despite the palliative nature of their treatment. These data are particularly concerning given the uncertainty regarding the optimal treatment strategy for older patients with AML and thus the importance of helping patients balance the risk and benefits of treatment to ensure informed decision making. Interestingly, patients who reported a more realistic estimate of cure reported higher depression symptoms, which is consistent with our prior studies of patients with advanced solid tumors [15, 22] . Although these findings should not hinder clinicians' disclosure of prognosis for patients with serious cancers, they do highlight the need for further study of how best to support patients who correctly acknowledge their prognosis.
To our knowledge, this is the first study to report that older patients with AML often overestimate the risk of treatment-related mortality. Conversely, Sekeres et al. reported that patients with a variety of leukemias underestimated their risk of treatment-related mortality [7] . The different findings in these two studies likely reflects how the question about treatment-related mortality was framed. The previous study asked patients to report their own personal risk of dying as a result of their treatment. In contrast, we asked patients to report the likelihood that a patient would die during treatment for leukemia as a result of their treatment. Although patients may cognitively 
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Treatment Decision Making in AML acknowledge the mortality associated with their diagnosis, they often experience emotion or even "magical thinking" when responding to questions about their own illness and prognosis and are thus more likely to choose optimistic responses about their likely outcome with cancer. These findings highlight the implications of cognitive dissonance on patients' responses to questionnaires about the likely outcome of their illness, which must be taken into consideration when we study patients' illness and prognostic understanding.
We also demonstrate that patients with AML have varying preferences regarding how to make decisions about their leukemia treatment. Although many patients prefer to make their treatment decisions after discussing their oncologists' opinions, 40% preferred that their oncologists make the treatment decisions. Yogaparan and colleagues also reported similar findings in a study of 31 patients with AML [32] . Interestingly, studies have shown that most patients with advanced solid tumors prefer to make their own treatment decisions [33, 34] . Because of the often sudden and urgent nature of leukemia, patients may feel overwhelmed by the acuity of their diagnosis, the urgent need to initiate therapy, and the complexity of the decision-making process, thus preferring that their oncologist take a more active role in making a treatment recommendation [20, [35] [36] [37] . Further research is needed to examine how best to tailor communication about treatment decision making in older patients with AML to ensure the delivery of high-quality, patient-centered care.
Our study has several important limitations. First, we included mostly white, highly educated patients drawn from two urban tertiary care centers in the U.S., and therefore our findings may not be generalizable to all older patients with AML. Second, although our results reveal substantial gaps in patients' understanding of the risks and benefits of treatment, we did not audio-record patients' conversations with their oncologists to determine what information was actually communicated to patients. Third, we used the oncologists' assessment of the patients' prognosis as the metric to assess whether patients' estimates of the risk and benefit of treatment were accurate. Studies have shown that oncologists also hold overly optimistic perceptions of their patients' prognosis [38] ; thus, we may be underestimating the frequency of prognostic misperceptions among study participants. Fourth, although our findings suggest an association between patients' perception of the likelihood of cure and their mood, we cannot establish the causality or direction of this association. It is also possible that patients with higher depression symptoms report more accurate perceptions of their prognosis. Fifth, we asked patients and oncologists about their perception of prognosis at 1 month after initiating therapy, which introduces recall bias. Additionally, patients' experience and tolerance of therapy during this month may affect their perception of their prognosis as well as their oncologists' responses. However, given the need for molecular and cytogenetic factors for accurate prognostication in AML, which are not available at the time of diagnosis, we assessed perceptions of prognosis at 1 month from enrollment to allow for these important data to be incorporated into prognostic discussions.
CONCLUSION
We demonstrated that most older patients with newly diagnosed AML have substantial misperceptions regarding the risk and benefits of their treatment and that their perceptions are highly discordant with those of their treating oncologist. Patients' misperceptions about the potential outcome of their treatment likely impedes their ability to weigh the pros and cons of their treatment options. Notably, patients with a more realistic estimate of their likelihood of cure reported higher depression symptoms, underscoring the need for psychological support to facilitate effective coping as patients learn about their prognosis. Future research should focus on facilitating patient-clinician communication to enhance patients' understanding of their prognosis, goals of therapy, and treatment risk to ensure informed treatment decision making in this population.
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